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Abstract
Coeliac disease (CD) affects about 1 % of the general population. Information concerning gluten intake in the general population is scarce. In particular, vari-
ation in gluten intake during the complementary feeding period may be an independent risk factor in CD pathogenesis. We determined the intake of gluten
from wheat, barley, rye and oats in a cross-sectional National Danish Survey of Dietary Habits among Infants and Young Children (2006–2007). The study
population comprised a random sample of 1743 children aged 6–36 months, recruited from the National Danish Civil Registry. The protein contents from
wheat, rye, barley and oats were found in the National Danish Food Composition Table, andmultiplied with the amounts in the recipes. The amounts of gluten
were calculated as the amount of cereal protein × 0·80 for wheat and oats, ×0·65 for rye and ×0·50 for barley. Dietary intake was recorded daily for seven
consecutive days in pre-coded food records supplemented with open-answer possibilities. Gluten intake increased with age (P< 0·0001). Oats were intro-
duced ﬁrst, rapidly outpaced by wheat, the intake of which continued to increase with age, whereas oats started to decrease at 12 months. Boys had a higher
intake of energy (P≤ 0·0001) and all types of gluten, except for barley (P≤ 0·87). In 8–10-month-old (P < 0·0001) and 10–12-month-old (P = 0·007), but not
in 6–8-month-old infants (P= 0·331), non-breast-fed infants had higher total gluten intake than partially breast-fed infants. In conclusion, this study presents
representative population-based data on gluten intake in Danish infants and young children.
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Coeliac disease (CD) is characterised as a state of heightened
immunological responsiveness to ingested gluten (from wheat,
barley or rye) in genetically susceptible individuals(1). CD at
the same time is a multi-organ disease with a wide variety of gas-
trointestinal and extra-intestinal manifestations of variable type
and severity that may become symptomatic at all ages(2). If the
disease is untreated, it is associated with a number of compli-
cations, e.g. chronic diarrhoea, anaemia and growth problems
in infancy and childhood as well as osteoporosis later in life(1,3).
Historically, CD has been considered as an uncommon con-
dition, but recent studies in a number of populations have
shown that CD affects about 1 % of the general popu-
lation(4–8) and that the prevalence may be increasing(9).
Information concerning gluten intake in the general popu-
lation is scarce. In particular, variation in gluten intake during
the complementary feeding period may be an independent risk
factor in CD pathogenesis(10).
We therefore determined the intake of gluten from wheat,
oats, barley and rye in a cross-sectional National Danish
Survey of Dietary Habits among Infants and Young Children.
Subjects and methods
The study was conducted according to the guidelines laid
down in the Declaration of Helsinki and was approved by
the Danish Data Protection Agency. According to the
Abbreviation: CD, coeliac disease.
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Danish National Committee on Health Research Ethics,
studies with no intervention and with no invasive treatment,
like the present study, in which only diet was recorded, do
not require ethical approval. Verbal informed consent was
obtained from custody holders of all subjects, and was wit-
nessed and recorded.
Population
A total of 1757 children, aged 6–36 months, were recruited by
simple random samples from The Central Ofﬁce of Civil
Registration. Within respective age groups the sample was
representative with regard to age and sex and covered all
months of the year and the whole country geographically.
The recruited children were enrolled in The National Danish
Dietary Survey among Infants and Young Children (2006–
2007) – a cross-sectional study of infants and young children,
aimed at assessing food and nutrient intakes, including gluten,
related to age and dietary recommendations(11). The response
rate for infants and children with both background interview
and dietary data was 54 %. The distribution of sex and age of
the participants could be characterised as representative of the
Danish population of children aged 6–36 months as compared
with the data of the general population in Denmark(12), except
for the 12–24-month-old children, where boys were underre-
presented (47 % in the sample v. 51 % the whole population).
Anthropometric variables
Information about length (≤12 months) or height (>12
months) was obtained through a personal face-to-face inter-
view with one parent. At the interview nude weight to the
nearest 0·1 kg was obtained by the interviewer, using a digital
scale (Soehnle Verona 63686 (Medshop) Quattrotronic scale).
Alternatively, the weight was collected from the child’s health
cards, previously measured by healthcare personnel.
Dietary intake
Dietary consumption was recorded for seven consecutive days
using a validated method(13) consisting of pre-coded booklets
accompanied by a booklet with twelve food photograph
series(14). The pre-coded food record was developed speciﬁ-
cally for children between 6 months and 4 years of age and
the booklets were divided into different parts corresponding
to breakfast, lunch, dinner and in-between meals. The quan-
tities were estimated from standard portion sizes, household
measures or from the food photograph series, depending on
the speciﬁc food or drink. If the child attended day care the
food and drinks were recorded in household measures
by the day care staff on a sheet, and then transferred to the
pre-coded food record by the parents.
Gluten content in food items
Cereal-containing products included porridge, which was
divided into industrial porridge, where brand names were pro-
vided, and homemade porridge, in categories of millet, oats
and wheat porridge and open space to record other types of
porridge. Mashes can be divided into industrial mashes,
where brand names were provided, and homemade mashes,
with information on the amount of pasta. Bread can be
divided into cereal types of bread, such as wheat bread and
rye bread. Recipes were generic recipes made as a weighted
average from the most used bread types. Pasta consisted of
one generic recipe with wheat pasta. Breakfast cereals can be
divided into sugary breakfast cereals and non-sugary breakfast
cereals. Recipes for each group were generic recipes made
from the most widely used breakfast cereals. Muesli and rolled
oats were provided each with separate recipes.
All food products containing wheat, oats, barley and rye were
considered as containing gluten. From all food products
reported in the food record, the gluten content of these cereals
was calculated. Since there is no information in food compo-
sition tables on the gluten content of food products, the esti-
mated amount of protein from gluten-containing cereals
according to the Danish Food Composition Databank(15) was
multiplied by 0·8 for wheat(16,17) and oats, by 0·65 for rye(18)
and by 0·50 for barley(19). The amount of gluten-containing cer-
eals in composite foods was estimated from recipe information
from producers or the recipes used in the dietary survey.
Intakes of energy, nutrients and food items were calculated for
each individual using the software system GIES (version 1.000 d;
developed at the National Food Institute, Technical University
of Denmark) and the Danish Food Composition Databank(15).
Outliers
Participants were considered outliers and excluded from the
analyses (n 14) if their energy intake per kg body weight was
+3 SD of the mean, resulting in a ﬁnal number of participants
of n 1743. Estimation of the degree of possible over- and
under-reporting was done by comparing the daily energy
intake of each participant with their likely energy requirement.
For the infants (<12 months) this was done using the refer-
ence values of the estimated daily energy requirement of
355 kJ/kg for children below 12 months according to
Nordic Nutrition Recommendations(20) and cut-offs (±46 %)
as reported by Wells & Davies(21). For the children the
BMR was estimated for each individual according to the
Nordic Nutrition Recommendations(20) and used for estimat-
ing cut-off points based on physical activity level values of
light activity level (1·44) and according to Goldberg et al.(22),
Black et al.(23,24) and Livingstone et al.(25).
Breast-feeding
To estimate the quantity of breast milk consumed, information
on the frequency of feeding was used combined with data on
the presumed volume of breast milk per feed(26). If the child
received breast milk more than six times per d, the assigned
volume was 130 ml per feed; with three–ﬁve feeds per d,
the assigned volume was 89 ml per feed; and with less than
three feeds per d, the volume assigned was 53 ml per feed.
The nutritional content of breast milk was calculated according
to published values(27,28).
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Statistical analysis
All data were analysed with SPSS software (version 20.0; IBM
SPSS Inc.). Results are given as mean values and standard
deviations. ANOVA was applied to test for statistically signiﬁ-
cant differences in gluten intakes between sex (male; female),
age groups (6–7, 8–9, 10–11, 12–24 and 24–36 months) and
the general linear models procedure was applied with age as
a covariate included in the models to test statistically signiﬁcant
differences in gluten intakes between breast-feeding groups
(partially breast-fed and non-breast-fed). A signiﬁcance level
of P < 0·05 was used (two-tailed tests).
Results
Descriptive characteristics
Characteristics of the study population are given in Table 1.
Boys were taller and heavier than girls, and boys had higher
birth weight (P < 0·001), birth length (P< 0·001) and ponderal
index at birth (P = 0·063) than girls.
Diet and gluten intake
In agreement with the fact that the boys were larger than the
girls, boys had a higher intake of energy than girls below
the age of 12 months (P < 0·001), but not above the age of
12 months when adjusted for age (results not shown).
However, there was no sex difference regarding energy intake
per kg of body weight (P = 0·191).
Total gluten intake (mg) was higher in boys than in girls, and
the intake of different gluten types tended to be higher in boys
than in girls with the exception of gluten from barley (Fig. 1).
Gluten intake (mg/d) increased with increasing age (all types;
P< 0·0001) (Table 2). Oats were introduced ﬁrst, rapidly being
outpaced by wheat that continued to increase with age,
whereas oats started to decrease at 12 months (Fig. 2).
Breast-feeding
All infants at the age of 6 months had ceased exclusive breast-
feeding. In 6–8-month-olds, 57 % of the infants were still being
Table 1. Physiological characteristics of the study population (n 1743)
(Mean values and standard deviations)
6–7 months
(n 316)
8–9 months
(n 289)
10–11 months
(n 221)
12–24 months
(n 474)
25–36 months
(n 443)
Mean SD Mean SD Mean SD Mean SD Mean SD
Age (months) Boys 6·8 0·6 8·9 0·6 10·8 0·5 17·9 3·5 30·0 3·8
Girls 6·8 0·7 8·9 0·6 10·9 0·5 17·5 3·4 30·3 3·5
P* 0·543 0·740 0·027 0·235 0·392
Length or height (cm) Boys 69·67 3·30 72·59 3·77 73·31 3·45 78·26 4·75 87·67 7·01
Girls 67·43 3·12 70·61 3·71 71·53 4·17 76·24 4·76 84·93 7·77
P* <0·001 <0·001 0·001 <0·001 <0·001
Weight (kg) Boys 8·92 1·07 9·64 1·04 10·20 1·16 11·75 1·47 13·86 1·66
Girls 8·07 0·98 8·80 1·02 9·41 1·01 10·98 1·39 13·77 1·86
P* <0·001 <0·001 <0·001 <0·001 0·599
BMI (kg/m
2
) Boys 18·38 2·04 18·36 2·23 19·04 2·38 19·22 2·60 18·22 3·17
Girls 17·78 2·15 17·73 2·41 18·45 2·55 18·86 2·56 19·57 4·17
P* 0·012 0·023 0·083 0·146 <0·001
* ANOVA test for the difference between boys and girls within the same age group.
Fig. 1. Daily intake of gluten (mg/d) from wheat, oats, barley and rye, and total gluten in 6- to 36-month-old Danish infants and children (n 1743). Values are means,
with 95 % CI represented by vertical bars. ( ), Boys; ( ), girls. (a) Infants aged 6 to 12 months old (n 826). Differences between boys and girls: wheat, P = 0·06; oats,
P < 0·001; barley, P = 0·49; rye, P = 0·33; total, P = 0·001. (b) Children aged 12 to 36 months old (n 917). Differences between boys and girls: wheat, P < 0·001; oats,
P = 0·007; barley, P = 0·87; rye, P = 0·002; total, P < 0·001.
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partially breast-fed, in 8–10-month-olds, 38 % of the infants
and in 10–12-month-olds, 22 % of the infants were still being
partially breast-fed. In 12–24-month-olds, 5 % of the children
were still being partially breast-fed, and in 24–36-month-olds,
1 % of the children were still being partially breast-fed
(Table 3). Although intake of all types of gluten were higher
in non-breast-fed infants than in partially breast-fed infants,
there were no statistically signiﬁcant differences in gluten intake,
in absolute amounts and energy adjusted amounts, between
partially breast-fed and non-breast-fed 6–8-month-old infants.
In 8–10-month-old and in 10–12-month-old infants, non-
breast-fed infants had higher absolute total gluten intake than
partially breast-fed infants.
Possible over- and under-reporting
In total, about 9 % of the children were possible over-
reporters and about 2 % were possible under-reporters.
Discussion
In the present study, we examined gluten consumption pat-
terns in a representative sample of healthy Danish infantsTa
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Fig. 2. Daily intake of gluten from wheat, oats, barley and rye, and total gluten
in 6- to 36-month-old Danish infants and children (n 1743). Values are means,
with 95 % CI represented by vertical bars. ○, Total gluten; •, wheat; ▵, oats;
▴, barley; □, rye. (a) Absolute gluten intake (mg/d). (b) Gluten intake per unit
energy intake (mg/kJ per d).
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and young children. We observed that gluten consumption
increased with age. Oats were being introduced ﬁrst, being
outpaced at 8–9 months of age by wheat that continued to
increase with age, whereas oats started to decrease at 12
months of age. This pattern is in agreement with the Danish
national dietary recommendation for infants(29) to start comp-
lementary feeding with porridge that typically contains oats
from the age of about 6 months, and then later introduce
bread and pasta made from wheat, the type of gluten that
was consumed in the highest amount in Danish infants and
young children, except for oats in 6–7-month-olds. In general,
the consumption of barley in Danish infants and young chil-
dren was very low and with quite a large variation. The intake
of rye exceeded that of oats at 25–36 months of age, which
probably is due to the frequent use of rye bread in the
Danish diet(30).
The present study found that boys had higher gluten intakes
than girls, but this difference disappeared when expressed as
mg gluten per kJ energy or mg gluten per kg body weight.
This ﬁnding may indicate that there were no differences in
the eating pattern with regard to gluten-containing foods
between boys and girls.
To our knowledge, no other studies have examined the
relationship between gluten intake and age and breast-feeding
status. However, in Sweden, national data on the duration of
breast-feeding were collected on a yearly basis from 1973 to
1997, and the supply of gluten-containing follow-on formula
sold on the Swedish market was used to estimate average
daily consumption of ﬂour in children below 2 years of
age(31). Also, in a Swedish population-based case–referent
study, a questionnaire was used to assess patterns of food
introduction to infants, showing that the risk of CD was
reduced in children aged <2 years if they were still being
breast-fed when dietary gluten was introduced(32). More
recently, an FFQ was developed in The Netherlands which
assessed the gluten intake in eighty-seven infants(33) and
seventy-one young children(34).
The prevalence of diagnosed CD differs considerably
among bordering countries(35–37). Previously, CD was con-
sidered as an uncommon condition, and earlier studies have
shown a strikingly low prevalence of CD in Denmark(38).
However, the true prevalence may be substantially higher
than that reported in clinical studies due to an unidentiﬁed
number of undiagnosed children(39) and adults, and the preva-
lence seems to be increasing(9), emphasising the importance of
accumulating knowledge about quantitative and qualitative glu-
ten intake in infants and children. The diet in the ﬁrst year of
life, including the timing of introduction of complementary
feeding, may have a substantial inﬂuence on CD development
as suggested by studies of autoimmunity in the ﬁrst year of
life(40,41), indicating a ‘sensitive window’ for the development
of CD.
As the timing of introduction of gluten into the food pack-
age of young children also seems to play a role in the develop-
ment of auto-immunity next to the use of breast-feeing(42), we
explored the relationship between breast-feeding and intake of
gluten in infants and young children. After adjusting for the
inﬂuence of age, gluten intake was generally higher inTa
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non-breast-fed infants than in partially breast-fed infants,
although less pronounced in the younger age group. It may
be concluded that the national guidelines for infant feeding
with regard to introducing gluten-containing foods while still
breast-feeding were seemingly followed to a large extent in
this Danish population, and this might contribute to the expla-
nation that the incidence of CD is relatively low in Denmark.
There were some limitations in the present study. Breast
milk intake was assessed from frequency of feeding, which
may be a rather rough estimate, not considering the variation
in milk composition during a feed or the duration of feeding,
but comparable with those used in other studies(43,44). Still, a
small over- or underestimation of the breast milk intake may
be present. A second limitation in the present study is the pres-
ence of possible over- and under-reporters. We estimated that
approximately 9 % of the children were possible over-
reporters and about 2 % were possible under-reporters. In
comparison, Conn et al. using the same principle found,
among 9-month-olds, that 32 % were likely to be over-
reporting and <1 % under-reporting(43). We chose not to
exclude these possible over- and under-reporters as intakes
in this age group may vary considerably and most of the
infants and young children classiﬁed as possible over-reporters
were just above the calculated limits.
The strengths of the present study include access to very
detailed dietary data that enabled analysis of the gluten intake
from different types of gluten and to stratify into age groups.
Participants with energy intake per kg body weight that was
+3 SD of the mean were considered outliers and excluded
from the analyses. The study had a high representativity as it
was based on a random selection of the national population
including both urban and rural areas.
CD is only induced by wheat, rye and barley. Interestingly, a
small subset of coeliac patients may be intolerant to the avenin
proteins, which make up only about 10 % of the total proteins
of oats(45). Therefore, we performed the analyses to make it
possible to differentiate between the gluten intake from
wheat, barley, rye and oats.
Results of the present study are useful in enabling future
exploration of the association between the qualitative and
quantitative consumption of gluten and the manifestations
of CD.
Conclusion
This study presents representative population-based data on
gluten intake in infants and young children.
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